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(1) $X$ $T_{X}\subset X$
(2) $U$ $U(x)$ $x\in X$
(3) $fxx$ : $X\cross Uarrow X$
(4) $r:X\cross Uarrow R$ $r_{G}:Xarrow R$
(5) $g$ : $Rarrow R$
(6) $D\subset R$ $\circ$ : $D\cross Darrow D$ 2 $\tilde{\lambda}$
$x_{0}\in X\backslash T_{X}$
$P(x_{0})$ Maximize $g(N-1,or(x_{N}))$
subject to $x_{n+1}=f_{XX}(x_{n}, u_{n})$ $n=0,1,$ $\ldots,$ $N-1$
$u_{n}\in U(x_{n}) n=0,1, \ldots, N-1$
$N=N(x_{0}, u_{0}, x_{1}, u_{1}, \ldots)=\max\{n : x_{n}\not\in T_{X}\}+1$
(1’) $Y$ $T_{Y}$ $Y$
(2’) $V$ $V(y)$ $y\in Y$
(3’) $f_{YY}:Y\cross Varrow Y$
(4’) $q:Y\cross Varrow R$ $qc$ : $Yarrow R$
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(5’) $h$ : $X\cross U\cross Rarrow R$
(6’) $D’\subset R$ : $D’\cross D’arrow D’$ 2 $\tilde{\mu}$
$X$ $Y$ :
$f_{XY}:X\cross Uarrow Y$
$(x, u)\in X\cross U$ $f_{XY}(x, u)\not\in T_{Y}$ $y0=f_{XY}(x, u)$
$Q(x, u)$ Maximize $h(x, u, q(y_{0}, v_{0})\cdot q(y_{1}, v_{1})\circ\cdots\cdot q(y_{M-1}, v_{M-1})\cdot q_{G}(y_{M}))$
subject to $y_{0}=f_{XY}(x, u)$
$y_{n+1}=f_{YY}(y_{n}, v_{n}) n=0,1, \ldots, M-1$
$v_{n}\in V(y_{n}) n=0,1, \ldots, N-1$
$M=M(y_{0}, v_{0}, y_{1}, v_{1}, \ldots)=\max\{n : y_{n}\not\in T_{Y}\}+1$
$Y$ $X$ :
$f_{YX}:Y\cross Varrow X$
$r(x, u)$ $q(y, v)$ $Q(x, u),$ $P(f_{YX}(y, v))$
$r(x, u)$ $=$ $\{\begin{array}{l}R(x, u, h(x, u, q_{G}(y_{0}))) y0=f_{XY}(x, u)\in T_{Y}R(x, u_{v}\max_{n\in V,.(y_{n})}h(x, un=0,1,..,M-1’ q(y_{0}, v_{0})\circ q(y_{1}, v_{1})\cdots\cdot\cdot qc(y_{M})))\end{array}$
$q(y, v)$ $=$ $\{\begin{array}{l}Q(y, v, g(r_{G}(x_{0}))) x_{0}=f_{YX}(y, v)\in T_{X}Q(y, v,\max_{nu\in U.(x_{n})}g(r(x_{0}, u_{0})\circ r(x_{1}, u_{1})\circ\cdots\circ r_{G}(x_{N})))n=0,1,..,N-1\end{array}$
$y0=f_{XY}(x,u)\not\in T_{Y}$
$x_{0}=f_{YX}(y, v)\not\in T_{X}$
$\overline{x}_{0}\in X\backslash T_{X}$ $(P,$ $Q,$
$\overline{x}_{0})$
3
$P(x_{0})$ $Q(x, u)$ $\lambda,$ $\mu\in R$
$W$ $Z_{xu}$ :
$W(x_{0}, \lambda)$ $=$ $g(\lambda\circ r_{G}(x_{0}))$ $x_{0}\in T_{X}$
$W(x_{0}, \lambda)$ $=$
$x_{n+1^{=f_{XX}(x_{n}’ u_{n})}}n=0,1,.,n-1 \max_{u_{n}\in U.(.x_{n})}g(\lambda or(x_{0}, u_{0})\circ r(x_{1}, u_{1})\circ\cdots or_{G}(x_{n}))$
$x_{0}\not\in T_{X}$
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$Z_{xu}(y_{0},\mu)$ $=$ $h(x, u, \mu\cdot q_{G}(y_{0}))$ $y0\in T_{Y}$
$Z_{xu}(y0, \mu)$ $=$ $y_{n+1}=j_{YY}(y_{n},v_{n})maixh(x, u, \mu\circ q(y_{0}, v_{0})\cdot q(y_{1}, v_{1})\cdots\cdot\cdot q_{G}(y_{m}))$
$n=0,1,..,m-1v_{n}\in v.(y_{n})$
$y0\not\in T_{Y}$
$W(x_{0},\tilde{\lambda}),$ $Z_{xu}(f_{XY}(x, u),\tilde{\mu})$ $P(x_{0})$ $Q(x, u)$
$W,$ $Z_{xu}$ ([3]).
$W(x, \lambda) = g(\lambda\circ rc(x)) x\in T_{X}, \lambda\in R$
$W(x, \lambda) = \max_{u\in U(x)}W(f_{XX}(x, u), \lambda\circ r(x, u)) x\not\inT_{X}, \lambda\in R$
$Z_{xu}(y, \mu) = h(x, u, \mu\cdot q_{G}(y)) y\in T_{Y}, \mu\in R$
$Z_{xu}(y, \mu) = \max Z_{xu}(f_{YY}(y, v), \mu\cdot q(y, v)) y\not\in T_{Y}, \mu\in R$
$v\in V(y)$
$0,$ . $\tilde{\lambda},\tilde{\mu}$
$r(x,u) = R(x, u, Z_{xu}(f_{XY}(x, u),\tilde{\mu}))$
$q(y,v) = Q(y, v, W(f_{YX}(y, v),\tilde{\lambda}))$
3.1
$W(x, \lambda)$ $=$ $g(\lambda\circ rc(x))$ $x\in T_{X},$ $\lambda\in R$
$W(x, \lambda)$ $=$ $\max_{u\in U(x)}W(f_{XX}(x, u),$ $\lambda\circ R(x, u, Z_{xu}(f_{XY}(x, u),\tilde{\mu})))$ $x\not\in T_{X},$ $\lambda\in R$
$Z_{xu}(y, \mu)$ $=$ $h(x, u, \mu\circ q_{G}(y))$ $y\in T_{Y},$ $\mu\in R$
$Z_{xu}(y, \mu)$ $=$ $\max_{v\in V(y)}Z_{xu}(f_{YY}(n, v),$ $\mu\cdot Q(y, u, W(f_{YZ}(y, v),\tilde{\lambda})))$ $y\not\in T_{Y},$ $\mu\in R$
$(P, Q, \overline{x}_{0})$ $W(\overline{x}_{0},\tilde{\lambda})$
$W(x, \lambda)(x\in\tau_{x})$ $\pi_{X}^{*}(x, \lambda)$ , $Z_{xu}(y, \mu)(y\not\in T_{Y})$
$\pi_{Y}^{*}(y, \mu)$ $(\pi_{X}^{*}, \pi_{Y}^{*})$ $(P, Q, \overline{x}_{0})$
$h$ $h’$ : $Rarrow R,$ $\nu$ : $X\cross Uarrow R$
$h(x, u,q)=h’(\nu(x, u)\cdot q)$
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3.1
$W(x, \lambda)$ $=$ $g(\lambda\circ r_{G}(x))$ $x\in T_{X},$ $\lambda\in R$
$W(x, \lambda)$ $=$ $\max_{u\in U(x)}W(f_{XX}(x, u),$ $\lambda\circ R(x, u, Z(f_{XY}(x, u), \nu(x, u))))$ $x\not\in T_{X},$ $\lambda\in R$
$Z(y, \mu)$ $=$ $h’(\mu\cdot q_{G}(y))$ $y\in T_{Y},$ $\mu\in R$




1:A. Lubiw and J. $O$ ’Rourke
[4]
1
$v_{0},$ $v_{1},$ $v_{2},$ $\ldots,$ $v_{13}$ $e_{0},$ $e_{1},$ $e_{2},$ $\ldots,$ $e_{13}$
$\langle$ . $v_{i}$
$\alpha_{i}$
$v_{14}=V_{0}$ $(F$ $\}$ $v_{1}$
$X,$ $Y$
$X=Y=\{(i,j, I)|i,j=0,1, \ldots, 14, I\subset\{0,1, \ldots, 13\}\}$
$(i,j, I)\in X$ $\{v_{i}, v_{i+1,\ldots,j}v\}$
$v_{i}$ $\alpha_{i}$
$I$
$\overline{x}_{0}=(0,14, \phi)$ $v_{14}$ $v_{0}$
$T_{X}=T_{Y}=T$
$T=\{(i,j, I)\in X|i=j\}\subset X=Y$
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$U=\{(a, b)|0\leq a<b\leq 13, b-a=2n+1(n=0,1,2, \ldots)\}$
$(a, b)$ $e_{a}$ $e_{b}$ $b-a=2n+1$
(0,2,4, . . .)
$(i,j, I)$
$U(i,j, I)=V(i,j, I)=\{(i, b)\in U|i<b<j\} (i,j, I)\in X=Y$
$fxx=f_{YX}=fi$ $f_{XY}=f_{YY}=f_{2}$ $(i, j, I)\in X\backslash T$
$(a, b)\in U(i,j, I)$ ( : $i=a$
).
$f_{1}((i,j, I), (a, b)) = (a+1, b, \phi)$
$f_{2}((i,j, I), (a, b))$ $=$ $\{\begin{array}{ll}(b+1,j, I\cup\{i,j\}) b\neq j-1(i, a, I\cup\{i,j\}) b=j-1\end{array}$
$f_{2}$ $I$ 14 $0$ ( ).
$fi((i,j, I), (a, b))$ $e_{a}$ $e_{b}$
$f_{2}((i, j, I)$ $\alpha_{i},$ $\alpha j$ (
) $v_{i}=v_{b+1}$ $I$
$c(i,j, I) = \sum \alpha_{k}$
$k\in\{i,j\}\cap I^{C}$
$\{i,j\}\cap I^{c}$ $0$ 14 $I$
$I^{c}=\{0,1, \ldots, 13\}\backslash I$
$i=j$
$\sum_{k\in\{ii\}\cap I^{c}}$ $\sum_{k\in\{i\}\cap I^{c}}$ $\sum_{k\in\phi}$
$0$
$c(i,j, I)$
$rc(i,j, I) = I_{[0,2\pi]^{c}}(c(i,j, I)) (=I_{[0,2\pi]^{e}}(\alpha_{i})=0)$
$qc(i,j, I) = c(i,j, I)(=\alpha_{i})$
$\overline{x}_{0}=(0,14, \phi)$
$P(x_{0})$ Minimize $r(x_{0}, u_{0})\vee r(x_{1}, u_{1})\vee\cdots\vee r(x_{M-1},u_{M-1})\vee rc(x_{M})$
subject to $x_{n+1}=fi(x_{n}, u_{n})$ $n=0,1,$ $\ldots,$ $N-1$
$u_{n}\in U(x_{n}) n=0,1, \ldots, N-1$
$N=N(x_{0}, u_{0}, x_{1}, u_{1}, \ldots)$
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$Q(x, u)$ Minimize $I_{[0,2\pi]^{c}}[c(x)+q(x_{0}, u_{0})+q(x_{1}, u_{1})+\cdots+q(x_{M-1}, u_{M-1})+q_{G}(x_{M})]$
subject to $x_{0}=f_{2}(x, u)$
$x_{n+1}=f_{Y}(x_{n}, u_{n}) n=0,1, \ldots, M-1$
$u_{n}\in U(x_{n}) n=0,1, \ldots, N-1$
$M=M(x_{0}, u_{0}, x_{1}, u_{1}, \ldots)$
$x_{0}=f_{2}(x, u)\not\in T$
$r(x, u)$ $=$ $\min_{X_{n+1^{=f_{2(x_{n},u_{n}),u_{n}\in U(x_{n})}}}}I_{[0,2\pi]^{c}}[c(x)+q(y_{0}, v_{0})+q(y_{1}, v_{1})+\cdots+q_{G}(y_{M})]$
$K$ $K>2\pi$ $x_{0}=fi(x, u)\not\in T$
$q(x, u)$ $=$ $c(x) \vee(K\cross x_{n+1}=f1(),u_{n}\in U(x_{n})\min_{x_{n},u_{n}}[r(x_{0}, u_{0})\vee r(x_{1}, u_{1})\vee\cdots\vee r_{G}(x_{N})])$
3
$R(x, u, q) = q$
$Q(x, u, r) = c(x)\vee(K\cross r)$
$h(x, u, q) = I_{[0,2\pi]^{c}}[c(x)+q]$
$g(x, u, r) = r$
$W(x) = r_{G}(x) x\in T$
$W(x) = \min_{u\in U(x)}[Z(f_{2}(x, u), c(x))\vee W(fi(x, u))] x\not\in T$
$Z(x, \mu)$ $=$ $I_{[0,2\pi]^{c}}(\mu+q_{G}(x))$ $x\in T,$ $\mu\in R$
$Z(x, \mu)$ $=$ $\min_{u\in U(x)}Z(f_{2}(x, u),$ $\mu+[c(x)\vee\{K\cross W(f_{1}(x, u))\}])$ $x\not\in T,$ $\mu\in R$
$W(0,14, \phi)$ $0$
2 5
4 8 ( $\cdot 2$ )
References




[2] T. Fujita, –. 2011
79-80, 2011
[3] S. Iwamoto, T. Ueno and T. Fujita, Controlled Markov Chains with Utility Functions, Ed. $H.$
Zhenting, J. A. Filar and A. Chen, Markov Processes and Controlled Markov Chains, Chap.8,
135-148, Kluwer, 2002
[4] A. Lubiw and J. $O$ ’Rourke, When can a polygon fold to a polytope?, Technical Report 048,
Smith College, 1996
[5] G. L. Nemhauser, Introduction to Dynamic Programming, Wiley, New York, 1966
[6] J. $O$ ’Rourke, How to Fold It, Cambridge Univ. Press, 2011
84
